Sovereign Wealth Funds (SWFs) have been prompted to reconsider their traditional asset allocations given the underperformance of equity markets post-2008 financial crisis and the collapse of commodity prices in recent years. Timberland and farmland investments are increasingly attracting the attention of these funds, seeking higher and more stable returns and means to hedge commodity risk. However, analytical analyses on the effect of these investments to SWFs are still limited. This paper studies the effects of including timber and farmland investments in the strategic asset allocation (SAA) of an oil-based SWF. We model the portfolio of investment of an SWF using Norway's Government Pension Fund Global as a case study, and gathering empirical data for the period Q1 2007 -Q1 2016. We examine how allocations in timberland and farmland affect returns, the fund's net growth, and the portfolio exposure to commodity risk. Our results indicate that timber and farmland bring positive effects when supplanting equity investments, improve the return-risk characteristic of the portfolio, and provide hedging again oil risk.
by the revenues realized from the liquidation of commodity assets (e.g. petroleum, gas, and minerals).
These revenues are normally invested in highly diversified global portfolios aiming to maximize returns and preserve the wealth of the owning country. The distinctive characteristics of SWFs including their large 10 size, type of ownership, the absence of standard liabilities and low liquidity constraints, provide them with a long-term investment capability no found in other institutional investors such as pension schemes (Stiglitz, 2012) .
Despite their long-term capability, SWFs have traditionally focused their strategic asset allocation (SAA) on liquid investment instruments similar to those of other types of funds. The specific SAA adopted by 15 an SWF can, in fact, differ significantly depending on the objectives of the fund (Kunzel et al., 2011) .
Nevertheless, empirical works reveal most SWF portfolios focus their investments primarily in stocks and bonds, with a strong predominance for the financial sector (Bernstein et al., 2013; Johan et al., 2013; Kotter & Lel, 2011; Dyck & Morse, 2011; Chhaochharia & Laeven, 2008; Jain, 2007) . Moreover, Bortolotti et al. (2013 Bortolotti et al. ( , 2009 show equity investments have accounted for about 80% of the total value of investments carried 20 out by SWFs in the past decade. The high preference towards equity can be due to the absence of incentives to commit to other long-term alternatives, as suggested by Spiegel (2012) . There are, however, two major factors that are currently influencing the investment strategy of SWFs. First, the growth of equity markets has shrunk considerably after the financial crisis experienced in 2008. As a consequence, equity markets are no longer as attractive as they used to be (Bortolotti et al., 2015) . The second major factor is that oil and 25 gas markets have become more competitive with the introduction of the shale oil and gas revolution in the US. The arrival of shale oil and gas have impacted global energy markets, resulting in significantly lower oil prices in recent years, and thus reducing income for SWFs. Encouraged by the situation, these funds are taking a more active role in the direct management of their assets, and new trends are emerging in their SAA as a result (Alhashel, 2015) .
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The current context seems to be providing incentives for SWFs to seek long-term returns in more illiquid investments instruments. Among illiquid instruments, investments in natural assets such as timber and farmland have called the attention of some of the biggest SWFs, including both commodity and non-commodity sourced funds. As an example of this, Xuedong (2014) shows how China Investment Corp. -the worlds third largest SWF has announced their interest in including agricultural assets as part of their new 35 investment strategy. Similarly, Cohen & McClelland (2015) report that Angola's US$5 billion SWF is seeking investments in timber and agriculture to diversify it asset allocations and increase returns. Investments in natural assets are not new to SWFs. The New Zealand Superannuation Fund and Canada's Alberta Heritage Fund are SWFs that have been investing in timber assets since 2005. Other SWFs have followed this trend too. The SovereignWealthFundCenter (2015) reports that 14 different SWFs have executed 51 deals into 40 land, farm, forestry and agricultural businesses over the last 10 years, valued over US$ 11.1 billion. These include the Abu Dhabi Investment Council, Singapore's GIC and Temasek Holdings. The reasons for SWFs to invest in these assets are motivated by the potential of increasing returns, stabilizing volatility, providing portfolio diversification and protection against inflation (TheEconomist, 2014) . Yet, only a small portion of SWF portfolios is allocated in natural assets due to liquidity concerns. Timberland and farmland are very 45 illiquid assets compared to bonds or stocks. They take a long time to sell and their returns are driven in many cases by a slow biological growth process. This raises the concern of how to re-balance a portfolio with a significant weight on natural assets, making timberland and farmland unsuitable for many investors with horizons shorter than 10 years. Most institutional investors limit allocations in timberland and farmland to 1-5% of their portfolio, with only exceptional investors allocating up to 10% (Binkley et al., 2006) .
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Nevertheless, more recent commercial managers research has started to project that institutional investors may well begin to increase the percentages of portfolio allocation in real assets (which include natural assets) to the range of 15-25% over the next several years (McNamara, 2015; AquilaCapital, 2014; Azelby, 2012) .
When assessing the benefits of investing in natural assets, the inflation hedging property of timber and farmland has been widely recognized in the literature (Wan et al., 2013; Crawford et al., 2013; Mei et al., 2013; 55 Zhang et al., 2011; Healey et al., 2005; Rubens & Webb, 1995; Courtland & Binkley, 1993) . However, when it comes to assessing other attributes of these assets for institutional investors, such as improving the returnto-risk characteristic or providing diversification, previous works present contradicting findings. On one side, Waggle & Johnson (2009) , Healey et al. (2005) and Kaplan (1985) argue that including natural assets in the SAA of institutional investors can yield to positive results by improving the risk-to-return relationship 60 of their portfolio. On the contrary, Scholtens & Spierdijk (2010) suggest that timberland investments do not significantly improve the mean-variance efficiency of portfolios when removing the appraisal smoothing bias found in natural asset's returns. In view of these considerations, the present work examines the effect of including natural assets in the investment strategy of an SWF. We specifically focus on SWFs funded by oil revenues as they represent the largest fraction of this class of investors. The objective of this analysis is, therefore, to evaluate the performance of an oil-based SWF when including natural assets in its SAA.
To address this objective, the authors model the investment portfolio of an SWF over a nine-year period extending from March 2007 to March 2016. We develop our model taking as a case study the portfolio of the world's largest oil funded SWF: The Norwegian Government Pension Fund Global (GPFG). Our findings support the notion that including timber and agricultural investments in the SAA provide high 70 returns, portfolio stability, and resilience against financial downturns. Moreover, we confirm that these assets represent an excellent option for commodity-risk diversification. Based on our results, we argue that SWFs, because of their lower liquidity constraints compared to other investors, can challenge their traditional SAA to increase investments in natural assets. In so doing, these funds can clearly benefit from these investments.
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The content of this paper is structured as follows. In Section 2, we review the literature on SWFs and natural asset investments. In Section 3, we introduce the theoretical framework to model the asset allocation for oil-funded SWFs. In Section 4, we describe the context for the Norwegian GPFG that we use as a case study in our analysis. In Section 5, we present our research methodology including the analytical model developed to assess the performance of an SWF, the data used to construct our investment portfolio, 80 and a description of the analysis conducted to study the impact of adding timberland and farmland into the SAA of an SWF. The results obtained from our work are discussed in Section 6. Finally, in Section 7 we summarize the main findings and propose possible directions in which this work could lead to further investigation.
Literature review
The literature on SWFs can be grouped into a number of different streams as shown by Alhashel (2015) . A significant part of the works on SWFs focuses on the relationship between the investment decisions of these funds, the global financial landscape and the impact of investments on markets stability. Jensen & Seele (2013) , for instance, investigate the ethical investment guidelines driving decisions in SWF asset allocations and their impact on corporate behaviour. Beck & Fidora (2008) discuss the wealth transfers of SWFs from 90 developed economies to emerging markets as a result of an asset allocation driven by market capitalization rather than liquidity considerations. Gieve (2009) studies the impact of SWFs on global financial markets and the interaction between global imbalances and the rapid growth of this class of funds. And Balin (2008) evaluates the benefits and critics associated with SWF investments, arguing that these funds can lead to more market liquidity and lower cost of capital. Another group of works focuses on the transparency issue 95 of SWFs. This is the case of Dixon & Monk (2012) who examine the trade-off between transparency and long-term investing strategy of SWFs. Moreover, Kotter & Lel (2011) study the investment strategy of SWFs and its association with the transparency policy. The authors find that transparent SWFs are more likely to invest in financially constrained firms compared to opaque SWFs. Caner & Grennes (2010) argue that the lack of transparency and data limitations in SWFs have made difficult to conduct a systematic 100 analysis of their investment behaviour. The authors also point that the openness of Norway's GPFG has made this particular SWF to be considered as a case study in a large number of analyses.
An important stream of the literature gathers empirical works which examine the SAA of SWFs. Most of these studies indicate that the financial sector has traditionally been, by far, the preferred target of SWFs investments (Johan et al., 2013; Bertoni & Lugo, 2013; Dyck & Morse, 2011; Bortolotti et al., 2013, 105 2009). Boubakri et al. (2016) perform a comparative study between the SAA of SWFs and pension funds, finding that SWFs are more likely to invest in strategic industries such as the financial sector, natural assets, transportation, and telecommunications. Consistent with Johan et al. (2013) , findings suggest that SWFs tend also to prefer countries with sustainable economic growth and weak legal and institutional environment. Miceli (2013) identifies a distinctive behaviour of SWFs when allocating assets across industries 110 in equity markets compared with another type of investors. Fotak et al. (2008) research the financial impact and wealth effect of SWF investments in global stock markets. And Bernstein et al. (2013) analyse how political involvement influences the investment patterns of SWFs, suggesting that funds with higher political involvement tend to support domestic firms in opposition to funds that relies on external managers.
The stream of the literature probably most related to our work addresses SWFs asset allocation models 115 and risk-return analysis. Scherer (2011) shows how to model the optimal asset allocation for an oil-based SWF as a function of the oil extraction policy of the owning country. The author finds that SWFs decisionmaking problems can be modelled as an optimal asset allocation with endowed and non-tradable wealth.
Moreover, Gintschel & Scherer (2008) develop an optimization model for oil-sourced SWF portfolios considering the oil endowment of the owning country as an inherited risk the SWF portfolio wants to diversify; 120 this work provides the theoretical framework to analyse investment decisions of commodity based SWFs. suggestions to improve the GPFG management. Regarding the return-to-risk analysis, one of the most prominent works evaluating the GPFG is presented by Ang et al. (2009) . In their work, authors show that the optimal SAA is the most significant source of total returns for Norway's fund.
In relation to natural asset investments (i.e. timberland and farmland), several works in the literature have dedicated to studying their effect when included into the investment portfolio of institutional investors.
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Findings seem nonetheless to be contradicting, suggesting in some cases positive effects and in other cases failing to find evidence of significant improvement. Kaplan (1985) describes the return characteristic of farmland investments and assesses their diversification potential when included as an asset in an investment portfolio. Using Markowitz optimization, the author concludes that farmland investments contribute to improving the efficient frontier of portfolios by providing a higher return-to-risk characteristic. In line with 140 these findings, Lins et al. (2016) found that adding farmland to a portfolio of stocks, corporate bonds, and real estate results in higher risk-adjusted returns. Rubens & Webb (1995) show farmland to be a good inflation hedge and to provide low positive to negative correlation with equities. However, more recent works including Hardin & Cheng (2002) and Hardin & Cheng (2005) suggest that there is no evidence of any significant benefits from including farmland to a portfolio of real estate while using alternative risk 145 assumptions. As for timber assets, a number of studies report improvement in the return-risk characteristic of a portfolio when timber is included. Healey et al. (2005) argue that the unique attributes of timber investments (i.e. higher expected returns, low associated risk, timber's economy, and inflation hedging) allow a portfolio with a timberland component of 10 percent to yield highly positive results. Zhang et al. (2011) and Waggle & Johnson (2009) also find significant benefits when timberland is added into a portfolio 150 of stocks, bonds, and T-bills. On the contrary, the analysis presented by Scholtens & Spierdijk (2010) concludes that, after removing the appraisal smoothing bias from timberland returns, there is no evidence that adding timber into a portfolio mix of traditional assets can increase mean-variance efficiency.
This article contributes to the latest above-mentioned stream of the SWF literature and with the literature on natural assets investments. By modelling the investment portfolio of an oil-sourced SWF, based 155 on the theoretical framework developed by Gintschel & Scherer (2008) and the methodological approach introduced by Bertoni & Lugo (2013) , we test the long-run performance of an SWF portfolio when timber and farmland are included in the SAA. Our findings show that natural asset investments can yield to higher return-risk ratio, diversify commodity risk of price fluctuation, and reduce capital losses, suggesting that these assets can be considered as a serious alternative in the long-time strategy of SWFs. To the best of our 160 knowledge, no analysis in the existing literature examines the effect in the long-term performance of adding natural assets into the SAA of an oil-based SWF.
Theoretical framework
The theoretical framework developed by Gintschel & Scherer (2008) addresses the optimal asset allocation problem for oil-sourced SWFs. This framework differentiates a country's wealth into two main components: 165 a fraction, ω, that represents the value of subsoil assets (e.g. oil reserves); and a remaining fraction, (1 − ω), that represents the value of above-ground assets in the form of an SWF that is invested in financial securities.
Oil resources are determined by the size of oil reserves x o , in million barrels, and the price per barrel p o .
The total value of oil resources is therefore, x o p o , and changes in oil prices determine their expected return r o , and risk σ o that the country wants to diversify. The value of above-ground assets is given by the market 170 value of the fund v f , which is invested in a portfolio of N-risky securities with weights w, such that 1 T w = 1. The return of the N-risky assets over the period of analysis is given by the vector z, and their covariances are provided by the matrix Σ. The return on the portfolio is r p . Therefore, the change in total wealth (i.e. oil reserves and financial assets) is given by r = ωr o + (1 − ω)r p , where Following the standard definition, an optimal asset allocation is defined by a portfolio that minimises variance for a given expected return. Gintschel & Scherer (2008) distinguish between two possible choices for the optimal portfolio: a locally efficient portfolio and a globally efficient portfolio. A locally efficient portfolio neglects the commodity risk of a country. In the standard mean-variance framework, as commonly applied in practice, the locally efficient portfolio is obtained by solving the problem
subject to achieving a target expected return µ, such that z T w = µ, and to the constrains 1 T w = 1. The solution to this problem is denoted by w L (µ) which is efficient in isolation.
A global efficient portfolio w G (µ), on the contrary, takes into consideration the commodity risk and it yields to an efficient combined portfolio that minimizes the variance of changes in aggregate wealth, given
subject to the constraints 1 T w = 1 and z T w = µ. It is worth noticing that the solution of the global portfolio has the same expected return µ as the locally efficient portfolio, independently of the expected oil price change. This avoids the need of making further assumptions on the expected oil price change. It can be proven (see Gintschel & Scherer (2008) and Bertoni & Lugo (2013) ) that for any desired return µ, the globally efficient portfolio can be expressed as a linear combination of the locally efficient portfolio and a hedge portfolio w H as follows
where
is a zero-net investment, zero-expected return hedge portfolio, and ∆ = (
Thus, for any target return the globally efficient portfolio can be derived from a locally efficient portfolio using the hedge portfolio w H .
Excluding some special cases, such as when commodity is riskless (i.e. σ o = 0), when its risk is orthogonal to the risk of financial assets (i.e. b = 0) or when the country does not want to diversify its commodity risk (i.e. ω = 0), it is found that the locally efficient and the globally efficient portfolios are different. In 185 general, for a given level of return, w G (µ) will have a higher stand-alone risk and a lower Sharpe ratio than w L (µ). An oil-funded SWF aiming to diversify oil risk will not invest in the locally efficient portfolio, but rather, it will invest in the globally efficient portfolio that takes into account the sensitivity of financial assets with oil b. Assets exhibiting high sensitivity with oil risk tend to be underweighted, and the sensitivity to commodity risk can be more tolerated in assets with higher expected returns. Therefore, when analysing 190 the performance of an SWF, it should be done considering the globally efficient portfolio, otherwise results would provide consistently incorrect conclusions (Bertoni & Lugo, 2013) .
Case study: Norway's Government Pension Fund Global
Norway is one of the most developed economies in the world. Much of Norway's economic growth has been supported by its abundance of natural resources, including exports of fishery, hydro-power, and most 195 significantly, petroleum products. As for 2015, Norway was ranked the 8th-largest oil exporter in the world, and the 3th-largest natural gas exporter (NPD, 2015) . Oil reserves in this country are estimated at 6.5 billion barrels, which roughly translate into a market value of US$ 325 billion (considering a $50 oil barrel). Part of the revenues derived from oil activities is channelled into Norway's SWF: The Government Pension Fund Global (GPFG). The GPFG is currently the world's largest SWF, managing assets valued in over US$820bn
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(SWFI, 2016). Thus, the ratio of oil reserves to aggregated wealth for the Norwegian fund approximates to ω = 0.28. The fund was formally set up in 1990 as a petroleum fund to manage Norway's natural wealth in the long-term and to contribute to Norway's strategy for sustainable development (MinistryOfFinance, 2008).
The idea behind establishing the fund was to channel revenues from oil activities into a diversified portfolio of international securities. Since its inception, the GPFG has received about 3,499 billion kroner (approx.
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US$423.6bn at present exchange rate) from oil revenues. Table 1 shows between US$ 1,400bn and US$ 2,700bn per annum, decreasing in the last three years as a result of falling oil prices. The portion of total revenues annually transferred to the fund is estimated to oscillate in the range of 47-87% per year, averaging 67.7% over the past ten years.
[ Insert Table 1 about here ]
215
The GPFG portfolio model focuses on public traded securities depending mainly on beta returns rather than alpha returns, in contrast with the Swensen model (Chambers et al., 2012) . Regarding the most distinctive characteristics, Dimson et al. (2010) and the MinistryOfFinance (2015) highlight the fund's large size, its long-term investment horizon, the absence of specific liabilities, its ownership and governance structure, and its high level of transparency. These characteristics provide the fund with a greater than 220 average risk tolerance that, in combination with an effective SAA, have allowed the GPFG to excel in performance achieving rates of return higher than those of many other equity investors (Caner & Grennes, 2010 refer to the acquisition of trees and forestland, including the operations of growing, harvesting, processing and distributing timber products. Farmland investments encompass the purchase and management of agricultural operations, including crops and livestock.
The performance of the fund over time is assessed by measuring the variations of its size, average quarterly returns, volatility, inflows from oil activities, and portfolio exposure to oil risk. The market value of the fund at time t, v t , depends on the size at a previous time instant, and the current difference between inflows and outflows perceived by the fund, expressed as
where the term (I t − C t ) represents the difference between inflows and outflows experienced at time t. The outflows of the fund are primarily given by the management cost, C t , assumed to be a fraction of the total value of assets under management, given by
where 0 < φ < 1. The inflow of the fund, I t , is given by two components: the revenues derived from oil income allocated to the fund, and the returns derived from the global investment portfolio. Oil revenues depend on both export levels, e t , and oil prices, p t , written as
where γ is the fraction of oil revenues allocated to the fund.
The returns on global investments are given by the composite returns obtained for the asset classes equity, provide a stronger reduction in the under diversification of the estimated portfolio, particularly when constraints are added to weights (Scherer, 2002) . In order to avoid null weights, we impose constraints to the minimum and maximum weights assigned to particular assets. In the case of equities, we apply a minimum of 0.5% and a maximum of 11% for each sub-asset. For real estate, the minimum and maximum weights are 0.5% and 25%, respectively. And for natural assets, a minimum of 10% and a maximum of 90% is 270 imposed. When using resampling, 500 Monte Carlo simulations were run to generate 300 portfolios. In each simulation, the covariance matrix and the oil sensitivity vector b are estimated using part of the historical quarter returns for scenario generation, and the rest of the historical data for evaluating the performance of the investment strategy. This technique is referred to as out-of-sample analysis. The optimal portfolio derived from resampling is chosen as the one that maximizes the Sharpe ratio, using US Treasury Bills as 275 the risk-free asset.
By combining Equation (7) and Equations (8)- (11), the inflows of the fund can be expressed as follows
where the variables α eq , α re , α f i , and α na are introduced to represent the allocation mandate policy established by the fund to invest in equity, real estate, fixed-income, and natural assets, respectively. Substituting
Equations (6) and (12) into Equation (5) and reorganizing, allow us to rewrite the fund market value as
This equation is used to model and evaluate the growth trajectory of the fund when inputting the data described in the following section.
Data and portfolio construction
Following the SAA of the GPFG, the construction of the portfolio considers an investment universe 280 composed of 25 equity markets, 4 real estate markets, and 1 bond market. These investments are assumed to be geographically distributed across North America, Europe, Asia, and Latin America. Table 3 [Introduce Table 3 about here]
In addition, based on the mandates adopted by the Norwegian fund, we assume that 60% of total assets is allocated to equities, 35% to fixed-income instruments, and 5% to real estate. This strategic asset allocation 295 is referred as the baseline portfolio in the remainder of the analysis, and it constitutes the benchmark to compare the performance of other investment portfolios. In addition to the aforementioned traditional asset classes, we include investments is timberland and farmland assets. Investments in timberland and farmland can be broadly classified into privately and publicly held assets investments, with each of them exhibiting different performance profiles in terms of risk and returns (Riddiough et al., 2005) . Private equity invest- Trusts in the US, respectively. Income returns arise from sales of timber and farm products according to production, whereas appreciation returns results from timber, farm and land appreciation. NCREIF indexes are computed based on the appraisal of recent property transactions; therefore, the indexes suffer from appraisal smoothing bias that makes the volatility of the observed returns too low in comparison to the true 310 unobserved returns (Scholtens & Spierdijk, 2010) . To avoid an over-optimistic picture of the diversification potential of the NCREIF indexes, we consider unsmoothed index returns using the unsmoothing approach introduced by Fisher et al. (1994) (see Appendix A). In doing so, the volatility condition adopted is based on the assumptions that the volatility of commercial timber and farm properties is approximately 1/2 the volatility of the S&P500 Index. 
Portfolio analysis
The performance analysis is done by developing a simulation model in Matlab of the investment portfolio of an SWF funded by the revenues derived from oil activities. The revenues from oil activities are modelled using historical trajectories of oil production in Norway (Table 1) In order to evaluate the effects of including timber and farmland investments in the SWF allocation strategy, 16 different portfolios are analysed. Table 4 provides a description of the different portfolios com-330 pared in our analysis. The different portfolios include the baseline portfolio (portfolio 1) and the portfolios resulting from displacing investments from traditional assets into natural assets at three different levels:
15%, 20%, and 25%. Therefore, we find the cases when supplanting equity investments (portfolios 2-4), fixed-income investments (portfolios 5-7) and real estate investments (portfolios 8-10) by investments in natural assets. These portfolios have been chosen to compare the effects that natural assets replacement has 335 when applied to the different traditional asset classes. In addition, we consider the portfolios resulting from reducing equity investments at the expenses of increasing investments in fixed-income (portfolio 11-13) and real estate (portfolios 14-16) while excluding allocations in natural assets. These portfolios are considered with the purpose of comparing the effects of displacing equity investments into another traditional asset class rather than into natural assets. Each of the tested portfolios is ranked based on their performance when 340 considering net growth, average returns, overall risk (i.e. considering oil and financial assets), maximum draw down, and the portfolio exposure to oil sensitivity. Additionally, we examine the effects that oil risk has over the oil inflows to the fund and its contribution to market value growth.
[ Insert Table 4 about here ]
6. Results
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Analysis of asset returns
We begin our analysis by comparing the performance of historical returns of the different assets considered in our investment universe. [ Insert Table 5 about here ]
When examining the relationship of assets with oil risk (Table 5) higher levels of oil sensitivity. Moderate and high levels of oil sensitivity may be tolerated depending on whether assets promise high levels of return or not. From the initial examination of the historical performance of the data, we can expect that portfolios with a significant component of those assets with low oil sensitivity and high Sharpe ratio, could in principle lead to better performance of the overall portfolio. [ Insert Figure 1 about here ]
Analysis of the SWF performance
[ Insert Table 6 about here ]
First, out of the sixteen portfolios analysed, the baseline portfolio is ranked 13 (shown in bold in the replacing equity investments with natural asset investments (portfolios 2, 3 and 4) rather than fixed-income or real estate. Increasing allocations in natural assets at the expenses of reducing equity investments, contribute to significantly improve all the performance indicators. Moreover, it is found that the higher the percentage displaced from equities into natural assets, the better the performance. For instance, when 15% of the Equity allocation is shifted to natural assets (portfolio 2), the return-to-overall risk ratio of the 420 portfolio improved from 0.072 to 0.096. The maximum drawdown was diminished from 39.2% to 32.7%, allowing a faster recovery of the market value to the pre-crisis level. And the net growth in market valued was enhanced from 191.5% to 207.5%. The oil exposure of the overall portfolio is also decreased from 0.1379 to 0.1180. These improvements in the indicators are even higher when shifting 25% of equity allocations into natural assets (portfolio 4). In this case, the return-to-risk ratio is improved to 0.114, the maximum 425 drawdown is reduced to 28.3%, the net growth is enlarged to 218.4%, and the oil exposure is reduced to 0.1047, registering the best performance among all the portfolios compared. The second best effects are observed when moving equity investments into fixed-income (portfolios 11, 12 and 13). Although all the indicators show significant improvements compared with the baseline portfolio too, the level of improvement is not as high as the one achieved with natural assets. Finally, portfolios including natural asset investments,
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in general, perform better compared with those without natural assets. No portfolio containing allocations in natural assets underperform the baseline. Among those portfolios with natural assets component, those ones in which natural assets replace real estate (portfolios 8, 9, 10) rank the lowest. This is due to the low fraction allocated to these assets.
We now focus attention on those portfolios resulting from displacing 25% of equity investments into 435 natural assets (portfolio 4), fixed income (portfolio 13) and real estate (portfolio 16) respectively, together with the baseline portfolio. Figure 2 shows the quarterly returns and market value trajectories for these portfolios. The figure illustrates how portfolio 4 (Eq=45%, Fi=35%, Re=5%, Na=15%) exhibits the best performance, achieving an average return 0.29% higher, an overall volatility 0.76% lower, and a growth 27% greater compared to the baseline. Portfolio 13 (Eq=45%, Fi=50%, Re=5%, Na=0%) also improves the 440 performance relative to the baseline portfolio providing an average return 0.1% higher, an overall volatility 0.82% lower and a net growth 9.5% larger. Yet the improvement provided by this portfolio is still lower compared to portfolio 4. As for portfolio 16 (Eq=45%, Fi=35%, Re=20%, Na=0%), its effects on the performance were rather negative. Despite the overall risk decreased 0.14%, the average return also decreased 0.08%, providing a return-to-risk ratio 0.008 lower and shrinking growth in 0.1% in comparison to the 445 baseline.
[ Insert Figure 2 about here ]
In Figure 3 , we present the global efficient allocations for portfolio 4 across the evaluation period. Efficient allocations in equity are well diversified among the different sectors. Some of the sectors that receive the greatest weights steadily throughout the period include North America consumer good, European consumer 450 goods and healthcare, and Asian energy and utilities. That is, in general, sectors with lower oil sensitivity and higher expected returns. Sectors with a relatively low expected return and high volatility, such as European and Asian consumer services, or sectors with a high oil sensitivity compared to their Sharpe ratio such as finance, industrial and technology in the three continents, receive low weights during the whole period. Other sectors with a variable performance, such as North American healthcare and utilities, and
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Asian healthcare, received low weight during the quarters close to the crisis that progressively increased in the quarters after the crisis. A contrary behaviour is observed for Latin American equity, which receives significant weights during the crisis quarters that diminish in the most recent quarters. As for real estate markets, the highest weights are given to the North American, European and Asian markets, while the UK receives the lowest weight staying almost invariant during the examined period. The weights given to the the natural asset components, we find that farmland is noticeably favoured receiving the largest proportion of the allocation along the period, while timberland receives the smallest one. Farmland returns are associated with a higher expected return and lower oil sensitivity when compared with timberland.
[ Insert Figure 3 about here ] 465
Oil exposure analysis
Oil inflows to the fund are a direct expression of the oil risk. Figure 4 shows the oil inflows perceived by our modelled SWF during the studied period. Inflows to the fund were steadily increasing until the second [ Insert Figure 4 about here ]
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[ Insert Figure 5 about here ]
The hedging capability of the investment portfolio against the oil risk, together with its expected return, contributes to the speed at which the portfolio grows. A portfolio presenting better hedging properties is able to offset oil risk, and therefore, reduce losses from oil prices fall. The analysis of the oil exposure for the tested portfolios reveals that a portfolio with natural assets can provide significant hedging against oil risk 490 compared to the baseline. Figure 6 presents the oil exposure registered for portfolios 1, 4, 13, and 16 across the evaluation period. For the different portfolios examined, the SWF registered a negative exposure to the commodity risk until the third quarter of 2008. When oil prices were rising and global financial markets were performing well, the allocation strategies defined by the global portfolios allow the allocations to exhibit the negative oil sensitivity necessary to output a negative exposure. The baseline portfolio in this case presented [ Insert Figure 6 about here ] 
Conclusions
In this work, we have examined the effect of including natural assets (i.e. timber and farmland) in the SAA of an oil-sourced SWF. We model the investment portfolio of the fund following the theoretical approach introduced by Gintschel & Scherer (2008) and assess its performance based on growth rate, average return, volatility, and portfolio exposure to oil risk during the period Q1 2007-Q1 2016. The allocation 515 strategy and investment universe in our analysis are built taking the portfolio model and mandates from
Norway's GPFG as a reference. Historical data on quarterly returns are inputted into our model to represent a global investment universe comprised of equity, fixed-income, real estate, and natural asset instruments.
We also conducted a comparison of 16 investment portfolios resulting from different SAA with and without natural assets.
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The obtained results indicate that adding timberland and farmland investments in the SAA of an oilbased SWF have a positive effect on the performance of the portfolio. The positive effects are particularly significant when supplanting equity investments with investments in these alternative instruments. Allocating 15% in timberland and farmland assets can yield a net growth of the fund market value 27% larger compared to a portfolio composed of traditional assets only, over a nine-year period. In addition, it is found 525 that timberland and farmland assets provide significant reductions in the exposure to commodity risk and improve the return-to-risk characteristic of the portfolio. The benefits of timberland and farmland investments result from the higher average return and lower volatility experienced by these assets in recent years when compared with most equity and real estate markets. This was found to be the case even when adjusted (unsmoothed) returns are considered. Moreover, timberland and farmland tend to exhibit low oil sensitivity 530 that provides them with a hedging property against oil price risk. Our findings suggest that investments in natural assets may be a desirable choice for oil-based SWFs seeking to diversify their investment strategy in the current oil market turmoil. This supports the idea envisioned by some commercial wealth managers that real assets, including natural assets, have the potential to evolve into a mainstream asset class of comparable importance to traditional equity and fixed income assets. Increasing investments in natural assets 535 mean that investors will need to face increasing liquidity risk. Managing this risk, however, can payoff with a return premium. In addition, by investing in assets such as timberland and farmland, SWFs could not only benefit from these investments, but they would be redirecting wealth derived from non-renewable natural assets into renewable natural assets. This investment approach implies a circular relationship with natural resources that is in accordance with the Hartwick-Solow 1 rule of economics. Thus, SWFs could be though 540 as mechanisms that can be adapted to promote sustainable asset allocations and support natural wealth preservation.
One of the main limitations of our study is the constraints found in the data when modelling SWFs. The detailed data required to reconstruct the investment universe and oil inflows are often highly confidential in most SWFs. For this reason, we have used Norway's GPFG as our case study since it is one of the few 
where w 0 is a scalar between 0 and 1, and w(B) is a polynomial function in terms of the lag operator B, such that
From equation (14), the smoothed return can be represented by an autoregressive model as follows
where ψ(B) is a lag polynomial operator specified as ψ(B) = ψ 1 + ψ 4 B 3 to deal with seasonality in the appraisal smoothing. Thus, the smoothing model takes the form
Assuming that the mean of the observed returns remains the same as the true returns, and this is given by E(r t ) = µ, we can now rewrite Equation (17) is terms of the true returns as
The coefficients ψ 0 , ψ 1 , and ψ 4 can be empirically estimated from the observable data by assuming that the underlying true returns are uncorrelated across time, implying that the term w 0 r t is white noise. To estimate the value of w 0 an additional condition must be imposed over the volatility of the true returns (i.e.
the volatility of the true returns is κ%). This results in
At this point, Fisher et al. (1994) assume that the volatility of the true unsmoothed returns of the type represented in the NCREIF indexes equal approximately one-half that of the S&P500 (i.e. κ = σ SP /2), 560 based on practitioners perception. This notion seems to be supported by Cremers (2013) , Malinowski et al. and Business, 59 , . Tables   Table 1: Norway's annual petroleum production, petroleum revenues, and capital transferred to the Gov- 
